INTRODUCTION
Efflux bacterial systems involved in quorum sensing (QS) contribute to multidrug resistance as they expel different types of antibiotics and chemicals such as dyes, organic solvents, detergents, molecules needed for the cell to cell communication, biocides, and metabolic products. Hence understanding the mechanisms by which these pumps act and how to overcome its activity opens the door for restoring the antibacterial activity and constitute a promising target for novel antibacterial agents (Vidal et al., 2009; Dreier, 2007; Piddock, 2006; Schweizer, 2003) . The continuous increase in the development of multidrug resistance by many pathogens has resulted in difficulties fighting many infectious diseases. In view of the fact that the majority of those multidrug resistant pathogens expresses and overproduces efflux pumps that are responsible for the expelling and extruding of the antibiotics from inside the cells, the new direction for other chemotherapeutics is the use of efflux pump inhibitors (Page's and Amaral, 2009). Effection of bacterial quorum sensing (QS) systems could be an effective alternative in as much as they regulate a broad spectrum of cell functions, including virulence factor production and motility. Efflux bacterial systems are known related to quorum sensing. The recent research focus is to develop antipathogenic agents to control bacterial diseases by inhibiting QS . Bacterial proteases have the potential to destroy the structural and functional proteins that constitute host tissues as well as to destroy proteins important in host defense. Expression of many of the virulence factors (including LasB elastase, LasA protease, alkaline protease) in P. aeruginosa is controlled by quorum sensing (QS) system (Venturi, 2006). Antimicrobial activity was described in some psychotropic drugs (Cederlund et al., 1993; Kristiansen, 1990; Kristiansen, 1992) . The studies show that these psychotropic drugs, namely sertraline, fluoxetine and paroxetine have a significant antibacterial activity, mainly against several groups of pathogen bacteria and they may act as efflux pumps inhibitors since they also act on human cells and bacterial cells as pump inhibitors (Munoz-Bellido et al., 2002). Psychotropic drugs are capable of inhibiting slime production in coagulase-negative staphylococci (Mun˜oz Criado et al., 1997), and inhibit swarming in Proteus (Mun˜oz Criado et al., 1998). The aim of this study was to determine the anti-QS activity, effects of psychotropic drugs on efflux pump of clinically important pathogens and QScontrolled cellular functions including motility and alkaline protease production of P. aeruginosa.
MATERIAL AND METHODS

Bacterial strains, growth and media conditions
Test pathogens including Yersinia enterolitica (ATCC 9610), Staphylococcus aureus (ATCC 25923), Salmonella typhimurium (ATCC 14028), Pseudomonas aeruginosa (ATCC 35032) were maintained in 2% Luria Bertani (LB) broth (1% tryptone, 0.5% yeast extract, 0.5% (w/v) NaCl) and on LB agar (supplemented with 1% [w/v] agar) prior to inoculation into the motility assays. Swarm, swim, and twitch media were prepared to assess the corresponding type of motility. Swarm medium consisted of 8 g/L nutrient broth and 0.5% (w/v) agar supplemented with D-glucose (5 g/L, filter sterilized and added separately). Swim and twitch media consisted of LB broth supplemented with 0.3% and 1.0% (w/v) agar, respectively (Wiegand et al., 2008) . Alkaline protease medium were consisted of LB broth supplemented with 1.5% (w/v) agar and 2% (w/v) skim milk. For minimal inhibitory concentration (MIC) assay were used Mueller Hinton broth (MHB). All culture strains were incubated at 37 o C for 24 hours. Psychotropic drug stock solutions were prepared by dissolving duloxetine, paroxetine, hydroxyzine and venlafaxine in distilled water (100, 75, 50, 37.5, 25, 18.75, 12.5, 9.375, 6 .25 mM ), followed by heating to 100°C and filter sterilization using 0.2 μm pore size filters.
Minimal inhibitory concentration (MIC) assay
Psychotropic drugs are known to have antimicrobial activity against several groups of microorganisms. The antidepressant agents such as duloxetine, paroxetine, hydroxyzine and venlafaxine are shown to act as efflux pump inhibitors in bacterial cells. In order to the investigation of the effects of psychotropic drugs were determined for clinically significant pathogens by using standart broth microdillusion method. The anti-quorum sensing (anti-QS) activity of psychotropic drugs was tested against four test pathogens using the agar well diffusion method. All drugs showed strong inhibitory effect on the growth of S. typhimurium. Additionally, quorumMIC was assessed using the standard broth microdilution protocol as described by Wiegand et al. (2008) with a change in incubation time from 20 hour to 24 hour. Overnight cultures were grown in Mueller Hinton broth (MHB) at 37°C and diluted to yield an inoculum of approximately 1 × 10 6 CFU/ml. Cultures were further diluted 1/100, and inoculated with 100, 75, 50, 37.5, 25, 18.75, 12.5, 9.375, 6 .25 mM drug solutions in a polystyrene 96-well plates. Growth was done for 24 hour at 37°C. After growth, MIC value taken as the concentration that inhibited macroscopic growth was observed, and also determined by spectrophotometer.
Agar well diffusion assay
Agar well diffusion assay was used to detect anti-QS activity of the psychotropic drugs. Bacterial pathogens Y. enterolitica (ATCC 9610), S. aureus (ATCC 25923), S. typhimurium (ATCC 14028), P. aeruginosa (ATCC 35032) were used in this study. Cultures were grown and maintained on LB medium. Overnight cultures were prepared by diluting culture suspension in 0.9% saline to achieve an absorbance of 0.3 at 600 nm as determined by a spectrophotometer. A sterilized cotton swab was dipped in the diluted cultures and spread over the surface of the LB agar (Nathan et al., 1978). Wells were made in the inoculated agar medium under sterille conditions (7 mm in diameters), and 100 µl of each psychotropic drug determined MICs was loaded onto the well in LB plates. The plates were incubated 37 o C for 24 hour and anti-QS was detected by measuring the clear zone in diameter.
Motility and alkaline protease production
Motility assays were undertaken in petri dishes. The swarming, swimming and twitching motilities, and alkaline protease production of P. aeruginosa were performed using swarm, swim, twitch and alkaline protease plates. The MIC concentration of each psychotropic drug was added to plates prior to a 30-45 min drying period. For the swimming, swarming, twitching assays and inhibition of alkaline protease production, the bacterial cells were gently inoculated using a toothpick at the center of the agar surface C for 24 hour, respectively, and halo diameters were measured. Datas from swarming, swimming, twitching assays and alkaline protease production were used as control against zero inhibition exhibited on each media by no drug.
RESULTS AND DISCUSSION
Growth inhibition following psychotropic drugs treatment of pathogens, MICs were determined. MIC assay results were obtained with different concentrations of the duloxetine, paroxetine, hydroxyzine and venlafaxine. Respectively, it was determined as 75 mM, 100 mM, 75 mM, 100 mM for Y. enterolitica; 37.5 mM, 75 mM, 75 mM, 100 mM for S. aureus; 75 mM, 100 mM, 100 mM, 100 mM for S. typhimurium; 37.5 mM, 37.5 mM, 37.5 mM, 37.5 mM for P. aeruginosa. For further studies, these values were used for anti-QS activity against each pathogen bacteria, and also 37.5 mM concentration of the each psychotropic drugs was used on P. aeruginosa motility and alkaline protease production. Four psychotropic drugs (duloxetine, paroxetine, hydroxyzine and venlafaxine) selected for their anti-QS activity were tested against four pathogens on LB plates. QS inhibition was detected by a clear zone, and the diameter of zone of inhibition was measured. As shown on table 1, duloxetine (30 mm) and venlafaxine (30 mm) on Y. enterolitica, hydroxyzine (35 mm) and venlafaxine (35 mm) on S. typhimurium, duloxetine (32 mm) on S. aureus and venlafaxine (33mm) on P. aeruginosa were effective. All drugs showed strong inhibitory effect on the growth of S. typhimurium (Fig 1[b] ). As seen figure 1, Duloxetine, paroxetine, venlafaxine and hydroxyzine decreased the three types of motility of P. aeruginosa were observed in distinct decreases in halo diameter in the presence of drug concentrations at 37.5 mM (Fig 2 [1,2,3] ). When comparing the percent inhibiton effect of psychotropic drugs on swarming, twitching and swimming motility, it was seen much greater effect of drugs on swarming and twitching (Fig 3) . Swarming, swimming and twitching motility assays showed decreases at 37.5 mM MIC concentration of each drug and for P. aeruginosa. It was determineted that for swarming, swimming and twitching motilities, respectively, the most effective drugs were paroxetine and duloxetine (Fig 2 [1b, 1d] ), duloxetine (Fig 2  [2b] ), paroxetine and venlafaxine (Fig 2 [3d,3e] ). But significantly, swarm and twitch halo diameters of P. aeruginosa were very nearly inhibited in the presence of all drugs (Tab 2). As seen figure 3, swimming motility showed less inhibitory results than swarming and twitching motility, due to a lack of consistent replicates across three biological repeats. Also we observed smaller clear zones on alkaline protease plates that drug concentrations at 37.5 mM significantly effected alkaline protease production (Fig 2 [4] ). The most effective drug on alkaline protease production was determineted as venlafaxine (Fig 2 [4d] , Fig 3) . P. aeruginosa is known to exhibit movement on surfaces by three types of motilities: swimming, swarming, and twitching. It has been observed that the non-antibiotic psychotropic drugs such as duloxetine, paroxetine, venlafaxine and hydroxyzine hinders motility of P. aeruginosa. But the inhibition of swimming motility was not as drastic as that of swarming and twitching motility. The psychotropic drugs might have some effects on flagellarelated processes, namely, flagella biosynthesis, rotation, and chemotaxis, which may lead to a decrease in swimming and swarming activities. Also twitching motility, which is dependent on functional type IV pili (Mattick, 2002), was significantly affected by the addition of drugs, this result indicated that twitching inhibition by the drugs was caused by defects in pili-related functions. Since bacterial motility necessary for proper biofilm formation was impaired in a concentration-dependent manner, these data suggest that the suppressive effect of psychotropic drugs on flagella-related and pili-related motility. In swimming and twitching motilities, the cells move independently, but swarming requires the bacteria to effectively work together via a process termed "quorum-sensing," involving bacteria sensing the extracellular signals produced by other bacteria , on going research in our laboratory is aimed at investigating the effect of psychotropic drugs as efflux pump inhibitors. It was found that there was an inhibitory effect of drugs on swarming, swimming, and twitching motility in P. aeruginosa, but we cannot conclude whether or not drugs preferentially targets one mechanism or motility system in P. aeruginosa. It was found that a BCFA, anteiso-C15:0, inhibits swimming, swarming, colony wetness, and biofilm formation in P. aeruginosa (Inoue et al., 2008) . Also, the swarming motility of P. aeruginosa was blocked by cranberry proanthocyanidins and other tannin-containing materials (O'May and Tufenkji, 2011). As cell motility are proven instrumental in biofilm formation, it was investigated whether or not salicylic acid affected the motility of P. aeruginosa. There was also a direct inhibitory effect of salicylic acid on swarming, swimming, and twitching motility in both PAO1 and PA14 lab strains (Chow et al., 2011) . The motility in this present study illustrated the effect as 37.5 mM MIC concentrations of drugs had significant effects in decreasing swarming, swimming and twitching motility for P. aeruginosa. P. aeruginosa secretes alkaline protease and two elastases (A and B) that have been characterized as exoenzymes and virulence factors (Suter, 1994) . Proteases are important in tissue damage caused by P. aeruginosa infection and P. aeruginosa as a pathogen use proteases to cross proteinaceous barriers within the host contributes to bacterial virulence. Production of proteases (elastase, LasA protease and alkaline protease) in P. aeruginosa is undercontrolled las quorum sensing system including biosynthesis of AHL molecule and the expression of lasA (lasA protease) and apr (alkaline protease) (Pesci et al., 1997) . The alkaline protease activity at 37.5 mM MIC concentrations of drugs has been shown by smaller clear zone. QS system can be interfered with inhibition AHL molecule biosynhesis by QS inhibitors (Kumar et al., 2011) . Therefore, we decided to use psychotropic drugs such as duloxetine, paroxetine, hydroxyzine and venlafaxine for their QS inhibitory activity.
CONCLUSION
Psychotropic drugs have effected bacterial efflux pump related to QS and suppressed alkaline protease production and swarming, swimming and twitching motility by blocking efflux pump and QS system. Thus, psychotropic drugs such as duloxetine, paroxetine, hydroxyzine and venlafaxine will be played active role as an alternative antimicrobial therapeutic on the treatment of infectious diseases.
